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Extended Abstract

Introduction

The study of climate hazards such as heavy precipitation is very important due to its direct impact on flooding.
Due to the climate change that the world has experienced, climate hazards have increased. What is certain is
that humans cannot prevent the occurrence of climate hazards, but by being aware of these events in advance,
under the influence of climate forecasts, they can reduce the destructive consequences of these hazards. Also,
considering the very prominent role of humans in increasing the most important climate forcing, namely
greenhouse gases, especially carbon dioxide, by managing fossil fuels and increasing new energy power
plants, which are known as clean energies, climate changes that cause extreme events can be reduced.
Another issue is the management of heavy precipitation to control large amounts of water for use in
agriculture, which seems to be able to benefit from this weather event by taking measures. Another important
point regarding heavy precipitation in the northwest region of Iran is to pay attention to the construction of
residential areas in places far from rivers, which are vulnerable to flooding caused by heavy precipitation.
The most important cause of extreme events such as heavy precipitation is currently climate change. The
main factor causing climate change and desertification is greenhouse gases. The most important type of
greenhouse gas is carbon dioxide. The main reason for the increase in this gas, which has a long life and is
very poorly degradable, is humans. In other words, the main cause of the increase and intensification of
extreme events is human misbehavior in dealing with nature. The northwest region of Iran is prone to heavy
precipitation due to its mountainous topography and location on the main path of Mediterranean cyclones.
This research was conducted with the aim of identifying the moisture sources of heavy precipitation in
northwest Iran and also analyzing the instability indicators related to it.

Materials and Methods

The study area in this study is northwest Iran, including West Azarbaijan, East Azarbaijan, Ardabil, North
Kurdistan, and West Zanjan provinces. In this study, daily and hourly (3-hour) precipitation data and hourly
(3-hour) wind data (speed and direction) were obtained from the Iranian Meteorological Organization
(www.irimo.ir) for 23 synoptic stations located in northwest Iran during the period 1990-2019. The upper
atmosphere data of the Tabriz station (the only upper atmosphere station in northwest Iran) were obtained
from the University of Wyoming website (http://weather.uwyo.edu/upperair/sounding.html). The upper
atmosphere data of this study were obtained from the NCEP/NCAR database (www.cdc.noaa.gov). Trial and
error estimates showed that if the percentile is higher than 99 and the area covered by heavy precipitation is
more than 30%, synoptic conditions will provide a good justification for heavy precipitation.
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In this paper, days when at least 7 stations in the study area simultaneously had at least 20 mm of precipitation
were selected. In this study, using TTI, CAPE, KI, LI, SI and SWEAT indices, the state of atmospheric
instability in northwest Iran was evaluated at a representative station in the region (Tabriz) on days of heavy
precipitation (43 days). Based on factor analysis in the SPSS software environment, the main factors were
identified from among the 6 indicators, then using cluster analysis, the main clusters were extracted and the
Skew-T diagram of the representative days of each cluster was drawn and interpreted in the RAOB software
environment. To select representative stations for the northwest region of Iran, 15% (3 synoptic stations) of
the stations in the study area were selected based on altitude (meters), climate (number of heavy precipitation
and average heavy precipitation during the study period), and large distance from each other (based on
kilometers and geographical location). Using cluster analysis in the SPSS software environment, clusters
were extracted based on the effective variables (relative humidity, wind vector, precipitable water) of the
mid-level atmosphere in the northwest region of Iran. Then, the representative of each cluster was determined
and for each representative day of heavy precipitation event (4 days out of 43 heavy precipitation events), in
each of the 3 representative stations of the study area (3 stations out of 23 synoptic stations), the path and
source of moisture of heavy precipitation were traced using the backward method (72 hours before the days
of heavy precipitation in northwest Iran) and using global data analyzed at the National Centers for
Environmental Prediction and the National Center for Atmospheric Research (NCEP/NCAR) with a time
step of 6 hours with a spatial resolution of 2.5 x 2.5 longitude and latitude for the levels of 850, 700 and 550
hectopascals, with the HYSPLIT web model. The wind gust diagram was drawn and interpreted using the
WRPLOT software for the representative days at the representative stations of northwest Iran. The combined
wind and precipitation diagram was drawn and interpreted hourly in the Excel software environment for the
representative days at the representative stations of the study area.

Results and Discussion

According to the criteria for heavy precipitation in this study, 43 extreme precipitation events were identified
in the observation period (1990-2019). Using hierarchical cluster analysis using the Ward method with
Euclidean distance, 2 main clusters were extracted from the 43 extreme precipitation events. The first cluster
shows heavy precipitation events with dynamic ascent in the study area, and the second cluster includes
heavy precipitation events with convective ascent in the research area. Of the two clusters, the first cluster
has a higher frequency and indicates the dominance of heavy precipitation with dynamic origin over heavy
precipitation with thermodynamic nature in the study area during the period under study. By drawing the
Skew-T diagram in the RAOB software environment for representative days of each cluster, the instability
conditions on representative days indicated the intensification and stability of atmospheric instability at
levels above 850 hectopascals for the representative dynamic cluster. In the representative day's Skew-T
diagram, the thermodynamic instability cluster was observed up to a maximum level of 850 hectopascals.
Calculations showed that, considering the instability indices and the Skew-T thermodynamic diagram, the
role of the convection factor in heavy precipitation in northwest Iran was low and the dynamic factor was
the main reason for heavy precipitation. The results of the study based on the windrose diagram indicate that
the prevailing winds causing heavy precipitation events blew from the southwest and had an average speed
of 3.5 m/s. The output of the HYSPLIT diagram also confirms the southwest direction of the study area for
the moisture input path of extreme precipitation. Also, the results of the combined hourly wind speed and
precipitation diagram showed that the maximum wind speed and maximum precipitation on heavy
precipitation days were at 12:00 GMT, equivalent to 15:30 local time, which indicates the strengthening of
the effective dynamic system in the region at this hour. In other words, the cyclone located at this hour, with
the convergence created, has brought maximum humidity to the region and, with its sharp ascent, has
provided the cause of heavy precipitation in northwest Iran. Based on the calculations, the average
atmospheric variability of precipitable water, relative humidity, and wind speed in extreme precipitation
events in northwest Iran has been 16 kg/m2, 68 percent, and 20 m/s, respectively.

Conclusion

Based on the research conducted in the northwest region of Iran, in the period 1990-2019 on heavy
precipitation, the results showed that, considering the instability indices and the Skew-T thermodynamic
diagram, the role of the convection factor in heavy precipitation was very low and the dynamic factor was
the main reason for heavy precipitation. The results of the study based on the HYSPLIT model showed that
the main path of moisture entry into the study area is the southwest and the main source of moisture supply
for heavy precipitation is the Red Sea. The results of the study based on the windrose diagram indicate that
the prevailing winds in heavy precipitation events blew from the southwest and their speed was 3.5 m/s on
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average. The combined hourly wind speed and precipitation diagram showed that the maximum wind speed
on heavy precipitation days was at 12:00 GMT, equivalent to 15:30 local time, which indicates the
strengthening of the effective dynamic system in the study area at this hour. Humans cannot eliminate
weather hazards. Weather hazards are part of nature, and humans can only reduce the frequency and severity
of these events. In the northwest of Iran, the best solution to deal with the risks caused by heavy precipitation
is to identify the causes of this event, such as the moisture sources that provide heavy precipitation , and to
evaluate instability indicators that indicate the conditions for the formation of heavy precipitation. The next
step is to inform the residents of the region, such as farmers, travelers, and others, about the occurrence of
this event and warn them of the possibility of flooding. Insuring crops and residential houses, constructing
residential houses in susceptible areas on high foundations with a height of 3 or 4 meters, increasing
vegetation cover and planting seedlings with the aim of increasing soil permeability, dredging rivers to
prevent water levels from rising due to sediment deposition, taking protective measures on river banks with
the aim of reducing soil erosion in coastal areas, using mobile concrete dams during precipitation in
agricultural and residential areas with the aim of preventing possible flood damage during heavy
precipitation , and avoiding unnecessary transportation due to reduced visibility, slipperiness, and flooding
of urban and roadways are considered major solutions to reduce losses caused by heavy precipitation. The
results of this study are in good agreement with the results of other researchers in terms of the dominance of
dynamic instability in heavy rainfall, the occurrence of heavy rainfall in the spring due to convective causes,
the occurrence of extreme rainfall due to the supply of moisture to the Red Sea by the Mediterranean cyclone,
and the confirmation of the strengthening of cyclones causing heavy rainfall at 12:00 GMT.

Keywords: Cluster Analysis, Factor Analysis, Heavy Precipitation, HYSPLIT, RAOB, Northwest Iran.



VE-F ONF i) Giils sloiighy

3 Rl R ) ' & N

) S 1%%
v\-?e—\-v‘ ‘-j: ‘/ d .

S Journal homepage: https://esrj.sbu.ac.ir
University

Jlouds pioaw s o b 4 i (55l LL (sbd w3l Judxi 9 (Sugby abe 2L,
olploye
) Mo wiogp oLl e

u‘f‘ ‘Jﬁ.‘abj ‘GLHQ)‘ YLD oKislos ‘G’.».».E LgLJbD °9)§_\

VEYN N callie oles iy VETYNF e cls (Bgh)

doddo

i o @ el Cradl Bl s Jims ol 3 eniie 156 o 4 i Ui el el Sl ble anllla
Sl blie 5 5 Wl e sl ol olacs ] ] a2l Lial33l conll Sl blie el 0 ] Jzo Sl 4 el
Sl bln ol e s ) 5 e ol sl s iy i s, ) 5 AT 3 oy 55 65l 55
ois ssbar GRS Slajls m (o8l Sy (St (BN 0 Ll S5 e G 4z L rioren SIS
wad Bgpe S lasi sl a a5 5 slagss sl sbelSg s (Bl g (ed Glacd g Zopoe biin S 9T 60 58
e o s sl efis ()L Copae S0 cllas clS st (g9 sloolas ) s & ol S 5l g e
Aol 10 500 mee S0 .0 oyt S92 S, cpl 3l et solas plosl b oy so S5 4 a5l (65,5laS o eolawl (gl
e 55 45 520 o Un s 5 193 lolr )3 5sSs 3blie il & 5 ol o Jlot allae 5 (i i
o8l Syt ol o 50 e Gl el g0 ool ) s (n Pt it iyl S (5L 5 (S50
69 S S IS a3l g5 o s il e SIS (gl ol sonll s olom) Lol Lale s
Oolee Bl oo Gl ) (oSl (6 s g 8IS 35 yes a5 I cnl Gl Jds G S kel Cand (S ST
Ol o Jleds adhaie .ol Canb b azlas 1o oluil can ol o Slos (gu> sbdolas ) wais g (ol ol e 0
el (i Slayl Slas ) wsias il s Gl GelSn jone (ol e 10 65515 g SlwasS (S ne e @
Lo 5 el sla ot o i 5 ol o ek (i G i, i ol oo b gty o
JONPRTS QRO B

) 9 Slgo

bt el (B8 olmbydl iof olmbydl slagbial ol olnl 58 Jlod (Buion (ol 5o aslllas 590 adlate
g S ) b slaosls g (aelo V) (Jelo g ailig; &Ojpots AL sbaosls gl cnl o Sl Glaniy @ 5 lws S
Olosle 3TN0 650 0 lpl Gy Jled o &dly Sy giw oSl YV gl (aeles 1) el & jg0a (Cp>

A8 )8 A IWWWLTTMOLIT ol ) cwlislse

ltmgsy e Jlod i slo iyl & s 6 )bl sloasle Llos 5 sb, abis b, VF+F e Do 5.6 o ol 5Ll
DOI: 10.48308/esr}.2025.235940.1225 () YA-)81) ((M)VF 1y il

E-mail: salahi@uma.ac.ir 1 s 00 g5
Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
By Commons Attribution (CC BY). license (https://creativecommons.org/licenses/by/4.0/).


http://www.irimo.ir/
https://doi.org/10.48308/esrj.2025.235940.1225
http://orcid.org/0000-0003-4826-6185
https://creativecommons.org/licenses/by/4.0/

WY | e g ol VYA-VOY Slrao AT o) o)leds (o035l 0,98 oy (il (sletinrgs

5 ol Singnly olBiils ol Byl 3l (p! o Jled 0 YU o> oK) L) 3,8 oKiws] YU o> sloosls
b I Gieeh pl 9 U8 mhaw sbaosls el Cews 4 http://weather.uwyo.edu/upperair/sounding.html
A2 5 YL Saws 5145 ols lis Uas g oyg05] 5l Jol> slas gl 1 .o 351 www.cde.noaa.gov sbes bt NCEP/NCAR
O Sl 6l (sl 4z Saen Ll )l 0l QB o, Yl Gy (S ()L Gl o8 Coles
Yo JBlas )b sy adllas 5)50 dilais (o lojan jsba o] V Blas a5 Slajg, llie cpl o 0l walgs sl
&lbl consg SWEAT 4 SI LI KI CAPE TTI sl aslis 5l oolaiwl b adllas ol 1o aiod Glsesl Wsgs yie e
28,5518 Sl s G,y T 0o Gk olad slags,y p (52 59) adlate oalad ol jo (il o8 Jlods )0 92
Jedos 5l oolainl b e s glolis Lol slo Jole ( asls # 0 5ISPSS l38lay laxe o Jole Judow ulul 5
5 e RAOB. l38l0 5 Laoms )5 aliss 5o oanles slajy, (TSl Jloged 5 o) glinl (Lol sloadys (sladss
adlio slaollius!l (aawe olKiusl V) as )0 V0 lpl e Jlod ddlaie conled slaolKins] bl gly aial s
g (@allae 3590 Sloj 03l 50 S (AL GeSilee 5 (i ()b Slows) @Bl (50 by mhans ) 1 bl (o
Hidle s dase o sladgs Jdo jloolaiwl b asass bl (oldlpe CuxBge g oshS bl 1) o 5l ol alold
aigs (o)l pl oy Jloss dilate ;o 9> Sloo 515 (Lo,b BB T b o ¢ oo Cugb)) S50 slo prie ull ,» SPSS
ol 3 FY 550, F) (S )k olas gosialed 59, 2 (sl g WSS S Al93 o caled g 0 gl Sl
sl il Cugh [RX 5 yons (G20 o] YT 51 o] 1) dnlllas 0,50 dilato (gouiled olSis! V' jo j0 o (X
oads 5 JUT ez glmools sloolinal b g (ol ye Sl )0 (eSiw (331 sl 51 8 Culas YY) 9,0 (395 b (oS
YN0 S SSas a8 b aselw £ Sloj o5 L (NCEP/NCAR) IS, 50l (g9 Slidios g Jawsme  um i (o 35 50 50
Lol plosl SLo, HYSPLIT Gy cow Jaw b (il giSa B0+ g Ve oAb il sl ol oe g Jsb VIO
Ayl g e 5 Ol 08 Jlad sailed gaelSiiin] o caisles slojs, (sl LW loges WRPLOT 15816 55 51 oola!
aghis cailed oKl o saled slajg, (sl EXCEl [l38le 5 lass jo o siclo Ojgoas (0, 5 ol oS 5 jloges

Al e g o AT
Lol olelis (Y-12)390) Slaslie 0,90 ;0 (o,b (gao olas ) FY asdllas pl jo nKw (5L s jlos a5 ax g5 b
zll ol dig> ¥ ogus o)L olas ) FY 5l cwgalBl alold b ol (g, 4 (ol e duds (gladigs Judoo ) oolazl
Golas ) ol (pgo aligr g ams oo lid |y aslllas ddlaie 1o Soliys dgro b (5w (3L laslas ¢ Jsl adgs o
el glas g o5l gty Slol 3 Jol algm s 90 ol aiiis g ddlate ;0 £8j08 Sgro b Sl 500
a0 9390 0593 5 alllas ailaie 3 (Sealindge s Cunnle b oK (sl byl 4 (Soalins Lt b s sla )l o9y
odled (so3g, 1o (MLl bl i caligs 2 caled (slos, 51 RAOB Jl58le i laore 1o FauSiul jloged g i b0 ylo |,
Sogad o a1y (Swelos adss canled glp JSwligSa Ad. YL slasly o o> (g lubl @l ¢ wass 5l las
as ol Hlis Slawls .00 F oaslive JBubgiSa AD- 315 L iSlas 6 Il Selindge i ddigm wailes jg, (&guSl
Sl o b i sl 3 Sy e 5 ] (SKiolizogas Jlogas 5 5kl slo a3l & st L
ool a8 el (T 51 S LIS Jloges (ull p anlllas gulis .l 009 (oS sla o)l ol Juds  Solins ule 5 o5
‘5>9).‘> Soladls u&fw d.ulJ » ).m Y0 Jawﬁ...a )9.1044 9 ..\.s‘a..\.;)j ‘5;)9 S Coww )‘ u..i....u U"’)b L_SLQQL\}) [EEvevw u.]LC
Onad el (go> sla b Cugb ) (69955 s (sl addllas ddlaie oy gl Cux oq.,.,S.).,.,b 5 HYSPLIT Jloges
ok slegy 5o Ak iy 9 3k S Slas a8 s plis el D jgoa (Bl g ok S (oS 5 jloges s
Ol po adlaie 1o Phe (Seelind i Sl | Hlas a5 Cusl ooy dore Clgas VO Joles gugin ST Celu (K
Loy oaslas adlaio 4y 1) Cosb, dicion wad obnl ol Sen b el opl 10yt 0w 2 0 Ol @ s celn
Lugie a8 Faloul Glawlbre olwl 5 sl o0)S Lae 1) olpl 0y Jlod oK la i) slas ) Glizge wual Sgro


http://weather.uwyo.edu/upperair/sounding.html
file:///C:/Users/ALI/AppData/Roaming/Microsoft/Word/www.cdc.noaa.gov

Y Mo s ol Jlos i slails 42 mio (5l slamsls ol 5 (iush, elin b,

i olpl o Jled 5o (il gax sladlazy jo ol oy S pus g g Casby (il BB Ol g9z o e

.C,u.u‘oo}g be,.@Y‘ 3.\.0)&?/\ ‘(':3)@)3.9).3?;91.:5 \#
aS wioly lias gl ¢S ()b die) ;o Vo119 6500 0 (ol pl 0y el dilaie ;o oulds plosl idgh (wlwl
e 5 65 s (K sl il 3 Sy e 25 (g5l (Seelizoga Jfogas 5 5l slo a3l 4 s L
3558 shol o a5 0lo (LIS HYSPLIT Juo (wlol 5 asdlas mls ol oog s glo )b Lol Jds Sl
bt el Faw sl,8 (K ()b Cusb, el ol Livis 5 ceul )2 g Croms dnlllas 890 dibaie 4 Cugb,
g dloduiy 2y Lo Coow 0L slaslas, o e slaol a5 el ol S ollS jloges ulul i aslas
ST oS ols lid el Opgods i)k g ol St oS 5 oged el 00y asl e VIO Lawgie jebas lagyl s
s Co g8 5l Las aS el 00gy (doe CBgay VO Joles gugn )5 VY Cele (S 5L slage, 4o ol Ce
Sz Sz Dl o jlail, g9 Olbbre Bi> Uley ludl .casl cel () (o addllas 5550 ddlaio ;o Jie Soolid
ablie |al) e 5w olpl oy Jlads jo 00l bolas ) cpl Gal g Slgl 3 5l cnl [0l Lads Ll 5 iz canlb )
i 5 i Gl oS s s, elie Joud 1l ool ey e Lol (K Bl (o3 Sl
ol E989 51 Sl oMbl (gas a8 jo el atiie (1K )b S gl dero Lyl i 51 lis oS g lubl sle el
A5 B oy IRl s e LY U5 il (ol sy 1 dains bl igSs latl il s
2 ke ggo sleanol jleslatul ( d>lo sble o S iolwp zals Gua b lbaliog, Jole o abla> olaladl
S olizl g oS ()b @lse ;o (it s slocaml 5l 6,55l Ban b (S5Sus § (55,5lS 3blio jo i)l o35
S (sl onae (sla Sl 5l sloolr g (g plre (S8l g (Saisd cs (1alS o 4 55908 1 Sl B 5 o
ey gl )b j0 (Sl (6 lubl og e Ll 5l iegh cpl gl igd o Cguze i )L 51 sab olals
g alae HolSew bawgs &y sbyo sk (el b g (AL Sl e pen e bl Jad o e (AL Slas,
wotbhe Slen o Riagh nle @l b g S Sl 1Y Celo ;o (s 5k comne slolSn Cagli a0l 0

S5l

Olpl o Jis RAOB HYSPLIT (S o)L Jele Judoo (sladss Jdow 1 guadS o E5lg

J5 Jlade 5l asys QOY sgas .(hossienalipour, 2016
&y oS Bblie 5l ey YO s olnl s bl
SgaS Ay e SuoF loanl jo 9590 pl s o
2555 ST Rl b alaly o Gl dlml s O plie
Sl sble .(Javanmard et al, 2010) o aalgs>
S s3n0 Ll s ol 1548 s Jlads il
5 Sl glosses gl Gy oSe a5 s
o] 5590 4 5 ILL k) a3l gn (Sealisges
Js & Slass Bblis jo (b 5l (uFols adbais o
S)lge ay azgi 005 (o0 Cushl (o Cush, Ok elas)|
Jlet 5o ailmae laplSen Sl 2 izmen 9 550

doddo
s 5y et oeldl slaolas ;) el &l bl
s~ (Farajzadeh, 2013) s oo F, ol ol b aS
Sllis Szt oliSelil ole pn sl |
(Alijani, 2013) wib oo ww sl Judos
oliilgn flojle bwg edlil o> glaasls
bilse 5 (o8l slaonay lsreay WMO) Sl
alin] 0> S5 5l Somb b SYL a8 wlowd iy a5 40l
orwly S ,sba (Kouzegaran et al, 2015) o
Sao a3l solital g (sl byl amloe b,
Alexander et al, 2006; Halabian and ) <.l



W ) Moy als

VYA-VOY Slrao AT o) o)leds (o035l 0,98 oy (il (sletinrgs

(Pourkarimian et al, 2021) ,Ke2 g los,S e
P 23 i ok ol e owgldl Lae obs,
Joe 3l psbane ol sl wnisls alosl 1) V¥R0 eloniin
ol Laio a5 ol ol s s, oaliczwl HYSPLIT
Jlot Y0 wiil 3 able cusb, (slsixe
009 palbl wgildl 3,0 5 (22 Sbyo) waa il
,» (Beiranvand et al, 2022) ,Ken 5 wiglym .ol
G e i Glohl (Sesiw sl Jlow
by 9950 sl ojgm 50 WWAA (o8 oDl
9 Kl g laubl o azls 5 Ga.Sul jlogad 3l colizul
Segiw alole S a5 Wogw, ams Gl 4 L
Céyen Jalo g Cul 03,5 150 1) adlate JS g pusl oo
Rashediet ) -, Kan 5 goil) .ol atilas ad J=e
5 a3l 6,55 byl adllas 5 3yee 4 (al, 2023
s HYSPLIT Jue 5l Cusb, ol e lolis sl
as ol las obo, mbs wis,S eolatwl o5 Cae G,
Soze el 0392 )33 (5ol adlate Cugh) (ol Lise
asflas > (Mohammed et al, 2023) | Ken o
3l oolewl b Y- 12-199F 6,90 ,0 5le yeiS lo b
ol Lois a5 Wow; a5 ol 4 HYSPLIT Jow
ol Els s e by adlaie Gl Gl L Cogh,
e e ) 4 a0 b slSns Ly 45 ol
Tavousi and ) Lll> aiw) g (owggl .aSloads
a8 8 sl lddss wlw!  (rostami-Jalilian, 2023
hewgy olaile)S 0 8 glaglieb ane; )3
4 CAPE 5 LI TT SI KI PW (¢ lall sl asls
Loty o sl gl bl a8 o, azs
Sl bbbl Jad p3 5 a8 (Byen s labl
(Shi et al, 2024) ], 5 o5 .ol 055 ol o i
Ol s 50 Jos 4 ymte sla )l b dalllas 4,
HYSPLIT Jow L YeV--Y\Y bl b oz
Cashy ol e a5 29 15l (Sl @l sl
3l og oad dilaie 0)ly 0y gz Gl AL 4 e
olrl e Jled Jlseal 5 SliwnsS >y a5 olx
5 D G (e Sl 595 s 0 l500
Cowl ol grw iegh cpl o Wl Sl 3
Sl sloazls 5 ooy i)l ool (shsb, mle

20,5 el o S glagils 4 e glalga

3l ogs adlare Gl 5o Gefaw ()L lashas; olnl 58
Olrl lagelSn (n i 600 Bib sl
ol e 97 035 (0 ST 08 Jlod adlate o
9,38 o0 ol pl o8 Jlod dibaie 5l iles g5 slapolSen
5 Cowl alFgs Jaw HYSPLIT Joo .(Alijani, 2013)
L2l sloain oS> e b3 Sl gl
Draxler ) &S oo Jos ©l)d g PUFF 0,05, 5l ool
55 HYSPLIT Jowe 5l ool Cews & gbis (et al, 2009
3 oS Bl 5l O oy s (6 F0jlwil b anslie
G5> Sealuogas slaloges (L et al, 2016) ol
Pk o (Casb) 5 o) ogee JLSle s jolaieny
S sele dnal> ooliiul 090 (sloo S jgboay g 0ul
(Asakereh, 2017)  Ja.Sul ol 5 &5 ol wilad 8
S5z 9 o Sl vy e sl sla ey
Lolyd o9 b g caslio g 438, )5 4 92 30 (55lLL
Salehi ) ssws oo olid o e slonsyy LSis gly |,
4 (Shafiee et al, 2017) )|,Ken 5 20 (et al, 2014
0,99 3 Olrl @ Gib sl il (Sealudge s Jolos
Sl Gl asls 5l eolanul L YVeVe-VAR)
B! zaw o PW 5 TT CT VT KI SW.SI
Gl Lyl s a8 sl ol mbs aunsls,y olaile,s
57 mB Eres A 0L Sl pla o osdll
Shamsipoor ) )|,es § 5 o 09 alS  Jgtus
Seoluoge i - suaen (golSTy 4 (et al, 2018
Sleslial b glnl 0 ogiz 5 0 oS slai)b
;o SWEAT , LI KI .CAPE TTI gl slo jaxli
as ol lid bl Wizl slgal g olisle S slaolSny|
Lol 039y awgie 3)lge e ;5 92 s)MLL Ol
aslls 4o (Rapolaki et al, 2020) . Ken 5 SVYal,
53 (VPN AAY) 090 oS sla i)k cush, Lids
HYSPLIT Jow jf ooliul b Uiy 31 iz o adly 5 g0as)
& e w8 gl a5 Waew) Azl ol 4
9 S5 el 009y gy adlaie 1o (S 5l Cugh,
0,95 sl b aslllas 4 (Zhang et al, 2021) ) Ken
ez 2 e 50 (YY1AAY) s Sl (b s S
oS 0 Laseie HYSPLIT oo 5 oolicel b wizsls
OIS 1) ot (R FS ) g adlate ()8 C s
ol o5y wip usildl il cusb, Lol Liie



WO Mo g ool

Jlod e sla)lb 4 mie 6 Ikl sl s Llow 5 sush) mbe (b3,

o Corlans 5 A0 51 5Vl S ST a5 ol plts Uk
gl Sl woys Yol Gl e AL RO
@l o Sl sl el 4z g en Ll 0
Sotodeh and alijani, 2015; Mofidi et al, ) sls sale>
S Llajs, lie ol 5 .(2008; Alijani et al, 2011
alllas 390 adlaio ;5 Glojen jsboay oSl V- Jla>
Ol el Sl wisgs e oo Yoo JBlas 5L slls
SI LI KI CAPE TTI slo_asli 5l oolal b axlas
S lnl e Jled 3 9> oIkl cunsy SWEAT
ool Sl slajgy pe () adlate suiled ol
oo bl o285 )18 Dbl 3590 gy FY) (e
o ele a3ls & o 5ISPSS 38l 5 lass o Lele
ladgs Sl 5l eoliul b uas o5 @uu ol
SWj39) (TSl ylogai 5 )5 gl sl Lol sloalss
5 e RAOB Jidley e 55 adiss o oanle

a9 9 Slgo

axdlo 5590 ddbaio

Jols plnl @pp Jlod (gudon (pl o aslllas 3,90 adlase
Wty (Bt olembydl (opf GllydT slaglel
Gl 52 () JS8) wbboe sy 8 g plws S Jled
(@elu¥) giebo 5 ailis; Ojpon (51 slaosls (hag3y
(aelo) selo Ojgoa (Cyz g e pw) oL slaosls 4
3 alpl e Jleds o adly Sy g oK YY (6l
ISU Lot SO Pv S V1 IR B (U B B B & Y
oKiws! YL o> slrools aus 5 331 www.irimo.ir
G I (Ol s Jlod o YU g2 o8] 45) 5,05
S, ol Kooyl ol ol
4 http://weather.uwyo.edu/upperair/sounding.html
ol sy SBg mhw sleeols pozen el Cows
sl NCEP/NCAR oL 51 iagh

o931 5 Jol> slas ygl 1 .o 351 www.cde.noaa.gov

L WRE SYOE e o

44°0"0"E 46°0"0"E 48°0'0"E

e
= >
: =
I
E
3
ILegend 4
Sea
Iran
fo 120240 4% o0 w3
m
E 44°0'0"E 46°0'0"E 48°0'0"E. 50°0,0"E i g et ssdor wrdet ok
z |3
s CParsabad N s
UMako
- ot e Katey e
i Khoy ‘W CAhar - Meshgin shahr
£ e P s “Ardebil 3
z ¢ a £
& - i
% |Legend 0 4*‘ g - Chalkhal 3
‘ uvromi.ve JM"'!P‘ . OMiyane e
o] Station
Topography thh-bud ﬁ Jﬂ*\
7 |elevation (m) z
2| . o B
3== 19-904 ‘, f Czll o 2
= 904 - 1488 L
| 1,488 - 1,878 ;«
\4; .
1.878 - 2,320
s 0 50 100 200 400
B 2320- 4533 - — — K m

50°0'0"E

dnlllas 3,50 dilate oLl CoaBge ) JSE
Fig. 1: Geographical location of the study area
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Table 1: Ranges of used dynamic indicators (Sioutas and flocas, 2003)

dpo g 5lkl ol s ls
The degree of instability and convection INDEX
LlI<-7 -7>L1>-6 -4>LI>-3 -2>LI>0 LI>0
. stable LI
Insta_blllty _Extreme unstable weak unstable
super intense instability
Sl<-11 -10>S1>-8 -7>8SI>-5 -4>8]>-1 SI>0
Instability Extreme Relatively unstable Conditional stable sl
super intense instability y instability
Kl > 40 39<KI<26 15<KI<25 Kl <15
High potential ~ Moderate potential Little potential improbability Kl
for convection for convection for convection Convection
TT > 56 53 < TT<56 51 <TT<52 44 <TT <50 TT <44
Distribution Scattered
of severe severe storms Isolated severe Probability of improbability L
on a large storms convection Convection
storms
scale
CAPE>2500 1500 <CAPE <2500 1<CAPE<1500 0
. ) stable CAPE
very unstable  Relatively unstable A little unstable
SWEAT>500  400<SWEAT<500 300<SWEAT<400 SWEAT<300
b stable SWEAT
Possibility of Extreme instability Scattered CB
tornadoes
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Table 2: Indices of atmospheric instability on the days of heavy rainfall in Tabriz station (1990-2019)

Heavy rain day si li ki cape swet tt
29/04/1990 4.52 4.22 28.5 0 80 43.2
24/03/1991 10.15 9.17 16.9 0 56.99 36.6
09/12/1991 * 24.31 * 0 * *
24/02/1992 4.18 331 17.8 0 81 495
08/03/1993 5.24 4.95 17.2 0 97.62 46.9
02/11/1993 5.77 5.42 22.5 0 87.19 43.7
11/11/1993 2.2 3.23 29 0 98.79 49
05/11/1994 5.74 5.72 26.1 0 95.41 42.3
06/11/1994 9.92 9.28 17.2 0 100 37.8
07/11/1994 11.7 11.43 16.2 0 138 35.1
09/01/1999 9.62 8.95 19 0 * 39.8
24/03/2000 3.85 3.46 24.5 0 74.62 48
18/11/2001 1.65 1.66 29.3 0 124.4 51.8
02/04/2002 1.86 1.85 29.3 0 85.71 50.6
26/03/2003 7.79 6.28 22.1 0 73.38 39.4
27/04/2003 4.47 4.93 16.9 0 80.04 45.2
23/04/2004 1.88 1.69 28.3 0 106.3 48.2
01/05/2004 4.61 4.67 26 0 1145 43.8
18/11/2004 3.12 2.86 27.8 0 * 47.6
23/11/2004 2.23 2.01 28.4 0 * 51.2
03/02/2006 11.55 10.87 15.4 0 69.93 36.1
04/02/2006 10.32 9.4 16.9 0 56.33 37.1
11/04/2007 2.05 2.18 20.4 0 93.94 50.5
17/11/2009 1.49 1.65 15.9 0 100.2 51.6
18/11/2009 2.27 2.5 28.9 0.15 104.6 49.6
02/05/2010 -0.71 6.68 33.9 0 194.9 52.2
22/04/2011 3.39 10.66 30.3 0 156 45.2
12/11/2012 3.57 3.27 28.4 0 111 46.4
09/11/2013 4.73 5.53 28.6 0 136 42.3
30/03/2014 15 1.55 25.1 17.05 72.99 49.8
03/10/2014 2.82 2.07 28.8 0 149.4 45.8
20/10/2014 11.96 11.77 18.3 0 75.82 32.7
02/12/2016 0.48 0.48 27.8 27.41 271.7 53.8
18/02/2018 8.48 8.63 22.5 0.26 77.39 39.6
30/03/2018 -1.27 -0.87 36.3 139.2 260 54.6
28/01/2019 4.53 3.68 251 0 86.57 46.9
25/03/2019 3.85 3.62 27.5 0 75.01 47
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Table 3: Bartlett and Kaiser-Meier-Olkin test to ensure the suitability of the data for factor analysis

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 773
Bartlett's Test of Sphericity Approx. Chi-Square 757.284
df 10
Sig. .000
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Table 4: Total explained variance

- Initial Eigenvalues Extraction Sums of Rotation Sums of
S Squared Loadings Squared Loadings
c
S
g— Total % of Cumulative Total % of Cumulative Total % of Cumulative
8 Variance % Variance % Variance %
1 3.302 66.045 66.045 3.302 66.045 66.045 3.299 65.974 65.974
2 1.008 20.153 86.198 1.008 20.153 86.198 1.011 20.224 86.198
3 .690 13.801 100.000
4 1.521E-005 .000 100.000
5 4.358E-006  8.716E-005 100.000
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Fig. 3: Dendrogram based on instability indices for the extreme rainfall days of northwest Iran in the 30-year
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Table 5: Stations with heavy rainfall on representative days of 2 clusters

(o o) (w54,
Heavy rain (mm)
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= " = ° 3 = 8 @ o 3 Stati
& 2 ® g g < g o 2 2 & s Sl
> 2 = o Ey ~ ® Event
23 44 20 43.01 43 - 40 80 38 32 37 34 2014/10/20
- - - - - 28 29 48 51 29 253 29.6 2018/03/30
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Fig. 4: Skew-T diagram, A: the day of heavy rain event 20/10/2014; B: The day of heavy rain 30/03/2018
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Table 6: 3 synoptic stations selected from the study area

29 (e )b Slaws
axfllao 090

The number of heavy
rains during the study

29 e )l (il
axflao 0,90

Average heavy rainfall
during the study

period period
22.43 6
27.98 12
55.04 37

() gl
Elevation (m)

77.8
1103.4
1556.8

20 bl Cundge
aslllao 390 Adliio

Geographical location
in the study area

S ded oy
Synoptic station

Northeast parsabad
Northwest khoy
Southwest sardasht

Ganabs> 50 Sho slalueS polie g ades o gde (S (AL slajg, ¥ Jeu

Table 7: Heavy rain days of each cluster member and the values of the effective quantities in clustering

(0550 3 o5 9laS) Gb)b BB O
Precipitable water (kg/m?)

12.5 75
15 60
15 80

12.5 60

12.5 65

12.5 80
10 55
20 70
15 75

17.5 65

17.5 65
20 80
15 75

12.5 50
15 65
10 55
18 75
10.5 62.5
18 75
18 82.5
17.5 75

17.25 70
17.5 55
16.5 47.5
15 55
13.5 65
15 70

15.75 65

18.75 65

(2033) (oo Cugb,
Relative humidity (%)

(4l o o) Sk Hlo

wind vector (m/s) hatad Sl
cluster Event
20 Cluster 1 02/04/1990
20 Cluster 4 29/04/1990
175 Cluster 1 24/03/1991
175 Cluster 4 04/04/1991
27 Cluster 3 09/12/1991
27.5 Cluster 2 24/02/1992
25 Cluster 4 08/03/1993
20 Cluster 3 01/11/1993
175 Cluster 1 02/11/1993
175 Cluster 3 11/11/1993
18.75 Cluster 3 01/04/1994
18.75 Cluster 1 05/11/1994
25 Cluster 2 06/11/1994
23.75 Cluster 4 07/11/1994
22.5 Cluster 3 17/03/1998
175 Cluster 4 09/01/1999
23.75 Cluster 2 24/03/2000
18 Cluster 4 18/11/2001
16.25 Cluster 1 02/04/2002
18.75 Cluster 1 26/03/2003
15 Cluster 1 16/04/2003
23.75 Cluster 2 27/04/2003
28.5 Cluster 4 23/04/2004
17.25 Cluster 4 01/05/2004
175 Cluster 4 18/11/2004
20 Cluster 3 23/11/2004
26.25 Cluster 2 03/02/2006
14.25 Cluster 3 04/02/2006
16.5 Cluster 3 11/04/2007
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15.75 72.5
16.5 80
21.25 67.5
225 75
18.75 60
20.25 55
14.25 70

21 47.5
16.5 57.5
16.25 72.5
17.5 75
21 67.5
14.25 60

15 65

17.25 Cluster 1 17/11/2009
14.25 Cluster 1 18/11/2009
14.25 Cluster 3 02/05/2010

20 Cluster 3 22/04/2011

12 Cluster 4 12/11/2012
11.25 Cluster 4 09/11/2013

30 Cluster 2 30/03/2014
12.5 Cluster 4 03/10/2014
16.5 Cluster 4 20/10/2014
31.25 Cluster 2 02/12/2016
16.5 Cluster 1 18/02/2018
22.5 Cluster 3 30/03/2018
21.25 Cluster 4 28/01/2019
13.75 Cluster 3 25/03/2019
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Table 8: Characteristics of clusters of heavy rain days in northwest Iran in a period of 30 years

(e ) Sb Hlo (i agb ot BB ol Cagb) ouiylad 39, oy SlolH
(4l 52 yi0) (x2,3) (&0 5005 055 5le5) s Ay Ay Ay
wind vector Relative humidity Precipitable water 39 representative  percentage  Abundance s,
(m/s) (%) (kg/m?) ol day cluster cluster R"
o cluster ow
s e . humidity
Min Average Max Min  Average  Max ok e relative
Min  Average =~ Max day
representative

14.25 17.17 20 72.5 77 825 125 16.57 20 80 2009/11/18 23.26 10 1
23.75 26.78 31.25 725 73.21 80 12.5 15.46 18 72.5 2016/12/02 16.28 7 2
14.25 18.91 27 65 66.66 75 12.5 17.52 22.5 75 2011/04/22 27.90 12 3
11.25 17.18 285 4715 55.71 62.5 10 15 20.25 60 2019/01/28 32.56 14 4
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Fig. 5: Dendrogram of days of heavy rain in northwestern Iran in the period of 1990-2019 based on variables
affecting humidity.
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Fig. 12: Graph of wind speed and precipitation hourly (6 hours), heavy rain days and 72 hours before the events,
i: Sardasht station, 22/04/2011 j: Khoi station, 01/28/2019 k: Parsabad station, 28/01/2019 I: Sardasht station,

28/01/2019
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3-Lifted Index

4-K Index

5-Total Totals Index
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